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#OMMUNITY DEWORMING ALLEVIATES GEOHELMINTHINDUCED
IMMUNE HYPORESPONSIVENESS
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4HESE AUTHORS HAVE CONTRIBUTED EQUALLY TO THIS WORK
3UBMITTED TO 0ROCEEDINGS OF THE .ATIONAL !CADEMY OF 3CIENCES OF THE 5NITED 3TATES OF !MERICA
)N CROSSSECTIONAL STUDIES CHRONIC HELMINTH INFECTIONS HAVE BEEN
ASSOCIATED WITH IMMUNOLOGICAL HYPORESPONSIVENESS THAT CAN AF
FECT RESPONSES TO UNRELATED ANTIGENS 4O STUDY THE IMMUNOLOGICAL
EFFECTS OF DEWORMING WE CONDUCTED A CLUSTERRANDOMIZED DOUBLE
BLIND PLACEBOCONTROLLED TRIAL IN )NDONESIA AND ASSIGNED  HOUSE
HOLDS TO RECEIVE ALBENDAZOLE OR PLACEBO ONCE EVERY THREE MONTHS
FOR TWO YEARS (ELMINTHSPECIlC AND NONSPECIlC WHOLE BLOOD
CYTOKINE RESPONSES WERE ASSESSED IN  SUBJECTS OF ALL AGES
WHILE PHENOTYPING OF REGULATORY MOLECULES WAS UNDERTAKEN IN 
SCHOOLAGED CHILDREN !LL MEASUREMENTS WERE PERFORMED BEFORE
AND AT  AND  MONTHS AFTER INITIATION OF TREATMENT !NTHELMINTIC
TREATMENT RESULTED IN SIGNIlCANT INCREASES IN PROINmAMMATORY
CYTOKINE RESPONSES TO 0LASMODIUM FALCIPARUMINFECTED RED BLOOD
CELLS 0F2"#	 AND MITOGEN WITH THE LARGEST EFFECT ON 4.& RE
SPONSES TO 0F2"# AT  MONTHS ESTIMATE AND  CONlDENCE
INTERVAL  >= PVALUE OVER TIME 	 !LTHOUGH THE
FREQUENCY OF REGULATORY 4CELLS DID NOT CHANGE AFTER TREATMENT
THERE WAS A SIGNIlCANT DECLINE IN THE EXPRESSION OF THE INHIBITORY
MOLECULE #4,! ON #$ 4CELLS OF ALBENDAZOLETREATED INDIVIDUALS
 > ದ = AND  > ದ = AT  AND 
MONTHS RESPECTIVELY PTIME	 4HIS TRIAL SHOWS THE CAPACITY
OF HELMINTHS TO UPREGULATE INHIBITORY MOLECULES AND TO SUPPRESS
PROINmAMMATORY IMMUNE RESPONSES IN HUMANS 4HIS COULD HELP
TO EXPLAIN THE INFERIOR IMMUNOLOGICAL RESPONSES TO VACCINES AND
LOWER PREVALENCE OF INmAMMATORY DISEASES IN LOW COMPARED TO
HIGHINCOME COUNTRIES
HELMINTHS | ALBENDAZOLE | CYTOKINE RESPONSES | )NDONESIA | DEWORM
ING
)NTRODUCTION
4PJMUSBOTNJUUFE IFMNJOUIT 	45)
 SFQSFTFOU UIF NPTU DPNNPO
JOGFDUJPVT EJTFBTF XPSMEXJEF 	
 *O BEEJUJPO UP TQFDJGJD XPSN
BTTPDJBUFE NPSCJEJUJFT JU IBT CFFO BSHVFE UIBU DISPOJD 45)
JOGFDUJPOT NBZ NBHOJGZ IFBMUISFMBUFE CVSEFOT JO DPNNVOJUJFT
SFNPUF GSPN IFBMUI DBSF GBDJMJUJFT FYBDFSCBUJOH BOFNJB QPPS
OVUSJUJPOBM TUBUVT BOE QPTTJCMZ QPPS DPHOJUJWF EFWFMPQNFOU 	

)PXFWFS UIJT XBT OPU GVMMZ TVQQPSUFE CZ UIF MBUFTU BOBMZTJT PG UIF
$PDISBOF EBUBCBTF 	

*NNVOPMPHJDBMMZ DFMMVMBS JNNVOF IZQPSFTQPOTJWFOFTT JT B
IBMMNBSL PG DISPOJD IFMNJOUI JOGFDUJPOT UIBU NBZ BMMPX QBSB
TJUFTh MPOHUFSN TVSWJWBM 	
 5IF DPOTFRVFODFT PG JNNVOPTVQ
QSFTTJPO BSF NBOJGPME XJUI QPUFOUJBMMZ NBKPS QVCMJD IFBMUI SFM
FWBODF *NNVOF IZQPSFTQPOTJWFOFTT DPVME DVSUBJM FGGFDUJWF JN
NVOF SFTQPOTFT UIFSFCZ JODSFBTJOH TVTDFQUJCJMJUZ UP QBUIPHFOT
BOE IFMNJOUIT BSF BTTPDJBUFE XJUI TVCPQUJNBM WBDDJOF SFTQPOTFT
	
 5IF IFMNJOUISFMBUFE EBNQFOFE JNNVOF SFTQPOTFT NJHIU
OFWFSUIFMFTT IFMQ UP QSFWFOU JNNVOPQBUIPMPHZ EVSJOH DPJOGFD
UJPOT BOE QPTTJCMZ BCFSSBOU SFBDUJWJUZ UP FOWJSPONFOUBM PS TFMG
BOUJHFOT 	
 8JUI SFTQFDU UP UIF MBUUFS UIFSF JT DVSSFOUMZ NVDI
JOUFSFTU JO UIF VTF PG IFMNJOUI JOGFDUJPOT UP USFBU BMMFSHJFT BOE
BVUPJNNVOF EJTFBTFT FYQMPJUJOH UIFJS BCJMJUZ UP JOEVDF JNNVOF
IZQPSFTQPOTJWFOFTT 	

4VQQSFTTFE MZNQIPDZUF SFTQPOTFT XFSF EFTDSJCFE JO UIF
T 	
 CVU UIF FWJEFODF CBTF IBT OPU NPWFE NVDI CFZPOE
BOJNBM NPEFMT BOE DSPTTTFDUJPOBM TUVEJFT JO IVNBOT 	
 5IF
DFMMVMBS NFDIBOJTNT BTTPDJBUFE XJUI IFMNJOUISFMBUFE JNNVOF
IZQPSFTQPOTJWFOFTT BSF OPU GVMMZ VOEFSTUPPE 4FWFSBM SFHVMBUPSZ
DFMMT BOE NPMFDVMFT BSF UIPVHIU UP QMBZ BO JNQPSUBOU SPMF JO UIF
SFHVMBUPSZ OFUXPSL 	
 8JUIJO 5DFMM SFTQPOTFT FYQBOTJPO PG 5
SFHVMBUPSZ DFMMT 	5SFH
 JT SFQPSUFE JO CPUI BOJNBM NPEFMT 	
 BOE
TPNF IVNBO TUVEJFT 	 
 5SFHT TVQQSFTT IFMNJOUITQFDJGJD
BOE CZTUBOEFS QSPMJGFSBUJWF BOE QSPJOGMBNNBUPSZ SFTQPOTFT
&YQSFTTJPO PG 5DFMMದBTTPDJBUFE NPMFDVMFT JODMVEJOH DZUPUPYJD
5MZNQIPDZUFದBTTPDJBUFE BOUJHFO 	$5-"
 BOE QSPHSBNNFE
EFBUI 	1%
 NBZ BMTP CF JOWPMWFE JO IFMNJOUIJOEVDFE IZQPSF
TQPOTJWFOFTT BOE TQJMMPWFS TVQQSFTTJPO 	

-POHJUVEJOBM TUVEJFT BTTFTTJOH UIF FGGFDU PG BOUIFMNJOUJD
USFBUNFOU PO DFMMVMBS JNNVOF SFTQPOTJWFOFTT BSF SBSF BOE FJUIFS
MBDL QMBDFCP DPOUSPMT UBSHFU DIJMESFO POMZ PS NFBTVSF JNNVOF
SFTQPOTFT BU POF UJNF QPJOU QPTUUSFBUNFOU 	
 .PSFPWFS
3IGNIlCANCE
#HRONIC HELMINTH INFECTIONS ARE ACCOMPANIED BY PROFOUND
IMMUNE REGULATION )N HUMANS HELMINTHINDUCED IMMUNE RE
ACTIVITY HAS NOT BEEN THOROUGHLY INVESTIGATED IN TRIAL SETTINGS
7E ASSESSED THE EFFECT OF ANTHELMINTIC TREATMENT ON IMMUNE
RESPONSES IN A WHOLE COMMUNITY IN A PLACEBOCONTROLLED 2#4
7E SHOW INCREASED IMMUNE RESPONSES TO HELMINTHSPECIlC AS
WELL AS UNRELATED ANTIGENS IN PARALLEL WITH DECREASED #4,!
EXPRESSION WHICH IS A MOLECULE INVOLVED IN PUTTING A BRAKE ON
IMMUNE ACTIVATION $EWORMING SEEMS TO LEAD TO DECREASED IM
MUNOREGULATION AND INCREASED IMMUNE RESPONSIVENESS 4HESE
lNDINGS ARE OF IMPORTANCE REGARDING THE SUBOPTIMAL VACCINE
RESPONSES IN HELMINTHENDEMIC AREAS BUT ALSO IN ANTICIPATING
THE FUTURE RISE IN INmAMMATORY DISEASES WHEN HELMINTH INFEC
TIONS ARE INCREASINGLY CONTROLLED
2ESERVED FOR 0UBLICATION &OOTNOTES
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4ABLE  ದ "ASELINE CHARACTERISTICS OF THE STUDY POPULATION
. 0LACEBO . !LBENDAZOLE
!GE MEAN IN YEARS 3$	   	   	
3EX FEMALE N 	
   	   	
!REA RURAL N 	
   	   	
"-)   YEARS OLD MEAN 3$	   	   	
:SCORE OF "-) ื  YEARS OLD MEAN 3$	   	  	
0ARASITE INFECTION N 	

(ELMINTH ANY SPP	   	   	
(OOKWORM   	   	
. AMERICANUS   	   	
! DUODENALE   	   	
! LUMBRICOIDES   	   	
3 STERCORALIS   	   	
4 TRICHIURA   	   	
-ALARIAL PARASITAEMIA ANY SPP	   	   	
0 FALCIPARUM   	   	
0 VIVAX   	   	
0 MALARIAE   	   	
#YTOKINE PRODUCTION PGM, >MEDIAN )12=
,03 4.&˞ PGM,	   >=   >=
), PGM,	   >=   >=
0(! 4.&˞ PGM,	   >=   >=
), PGM,	   >=   >=
)&.ˠ PGM,	   >=   >=
), PGM,	   >=   >=
), PGM,	   >=   >=
0F2"# 4.&˞ PGM,	   >=   >=
), PGM,	   >=   >=
)&.ˠ PGM,	   >=   >=
), PGM,	   >=   >=
), PGM,	   >=   >=
!SC!G 4.&˞ PGM,	   >=   >=
), PGM,	   >=   >=
)&.ˠ PGM,	   >=   >=
), PGM,	   >=   >=
), PGM,	   >=   >=
DIAGNOSED BY 0#2 DIAGNOSED BY MICROSCOPY
4HE NUMBER OF POSITIVES N	 OF THE TOTAL POPULATION EXAMINED .	
3$ STANDARD DEVIATION "-) BODY MASS INDEX )12 INTERQUARTILE RANGE
&IG  4HE EFFECT OF ANTHELMINTHIC TREATMENT ON CYTOKINE RESPONSES TO !SC!G 0F2"# AND 0(!4.& )&.ˠ ), ), AND ), CONCENTRATIONS WERE ASSESSED IN
SUPERNATANTS OF HSTIMULATED WHOLEBLOOD CULTURES 4HE VALUES ON THE ಫYAXISಬ THE SPIDER WEB LINES	 REPRESENT THE ESTIMATED OUTCOME BETA	 OF THE EFFECT
OF ALBENDAZOLE TREATMENT ON CYTOKINE RESPONSES TO 0(! BLUE CIRCLES	 0F2"# RED SQUARES	 AND !SC!G GREEN TRIANGLES	 "Y COMPARING THE RESPONSES IN THE
ALBENDAZOLE VERSUS PLACEBO GROUP THE ESTIMATES OF THE TREATMENT EFFECT IN THE WHOLE STUDY POPULATION AFTER  !	 AND  "	 MONTHS OF ALBENDAZOLE TREATMENT
WERE OBTAINED USING LINEAR MIXED MODELS AND POSITIVE VALUES WERE PLOTTED IN A SPIDER CHART 3TATISTICALLY SIGNIlCANT ESTIMATES AT  MONTHS WERE ), RESPONSES
TO !SC!G ESTIMATED EFFECT OF TREATMENT > CONlDENCE INTERVAL=  >ದ=	 4.&  >=	 AND )&.ˠ  >=	 RESPONSES TO 0F2"# AND
4.&  >=	 )&.ˠ  >=	 AND ),  >=	 RESPONSES TO 0(! !T  MONTHS POSTTREATMENT 0(!INDUCED ),  >=	
AND ),  >=	 WERE SIGNIlCANTLY ENHANCED !S AN INDICATION OF THE MAGNITUDE OF CHANGE IN LEVEL OF CYTOKINES THAT WERE SIGNIlCANTLY DIFFERENT
BETWEEN PLACEBO AND ALBENDAZOLE GROUP GEOMETRIC MEAN WITH STANDARD ERROR FOR 4.& TO 0F2"# AT  MONTHS #	 IS GIVEN AS AN EXAMPLE
OPOF IBWF FYBNJOFE UIF DIBOHFT JO SFHVMBUPSZ DFMMT PS NPMFDVMFT
/P MBSHFTDBMF DPNNVOJUZCBTFE JOUFSWFOUJPO TUVEJFT UP FTUBCMJTI
XIFUIFS IFMNJOUI JOGFDUJPOT MFBE UP JNNVOF IZQPSFTQPOTJWFOFTT
JO IVNBOT IBWF CFFO SFQPSUFE
5P EJTFOUBOHMF UIF JNQBDU PG IFMNJOUIT PO UIF JNNVOF TZT
UFN GSPN PUIFS JOGMVFODFT XF DPOEVDUFE B IPVTFIPME DMVTUFS
SBOEPNJ[FE EPVCMF CMJOE QMBDFCPDPOUSPMMFE USJBM PG BMCFOEB[PMF
PODF FWFSZ UISFF NPOUIT JO DPNNVOJUJFT XJUI IJHI 45) QSFWB
MFODF PO 'MPSFT JTMBOE *OEPOFTJB )FSF XF QSFTFOU SFTVMUT DPO
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4ABLE  ದ %FFECT OF ALBENDAZOLE TREATMENT ON IMMUNE RESPONSES BY HELMINTH INFECTION STATUS AT BASELINE
/UT
COME
%FFECT OF TREATMENT AT  MONTHS %FFECT OF TREATMENT AT  MONTHS
0LACEBO . !LBENDAZOLE . ˟
>#)=

0LACEBO . !LBENDAZOLE . ˟ >#)=
 PTIME
! %FFECT OF ALBENDAZOLE ON CYTOKINE RESPONSES IN HELMINTHINFECTED INDIVIDUALS
0(!
4.&   
>
=
   >= 
),   
>
=
   >= 
0F2"#
4.&   
>
=
   >= 
)&.ˠ   
>
=
   >= 
!SC!G
),   
>
=
   >= 
" %FFECT OF ALBENDAZOLE ON CYTOKINE RESPONSES IN HELMINTHUNINFECTED INDIVIDUALS
0(!
4.&    >=    >= 
),    >=    >= 
0F2"#
4.&    >=    >= 
)&.ˠ    >=    >= 
!SC!G
),    >=    >= 
4HE ANALYSIS OF THE EFFECT OF ANTHELMINTIC TREATMENT WAS STRATIlED BASED ON HELMINTH INFECTION STATUS AT BASELINE "Y COMPARING THE RESPONSES IN THE
ALBENDAZOLE VERSUS PLACEBO GROUP THE ESTIMATED OUTCOME BETA	 OF THE TREATMENT EFFECT AFTER  AND  MONTHS OF ALBENDAZOLE TREATMENT WERE
OBTAINED4HE NUMBER OF THE TOTAL POPULATION EXAMINED .	 
˟ BETA	 AND  CONlDENCE INTERVAL ARE BASED ON LINEAR MIXED MODELS !N OVERALL PVALUE
PTIME	 IS INDICATED FOR THE EFFECT OF TREATMENT OVER TIME 3TATISTICALLY SIGNIlCANT RESULTS P	 ARE GIVEN IN BOLD
&IG  %FFECT OF DEWORMING ON CELL SUBSETS AND MARKER EXPRESSION&LOW CYTOMETRY WAS PERFORMED ON 0"-# FROM A SUBSET OF SCHOOLCHILDREN 'ATING STRATEGY
IS SHOWN FOR !	 LYMPHOCYTES AND #$ 4CELLSFROM WHICH "	 #$HI&/80 4REG CELLS #	 0$ AND $	 #4,! EXPRESSION ON #$ 4CELLS WERE DERIVED %	
#4,! EXPRESSION ON #$HI&/80 CELLS WAS GATED FROM " 4HE ESTIMATED EFFECT OF ALBENDAZOLE TREATMENT IS SHOWN FOR THE TIME POINTS  AND  MONTHS
AFTER START OF TREATMENT FOR PERCENTAGES OF #$HI&/80 &	 0$ '	 #4,! (	 OF#$ 4 CELLS AND #4,! OF#$&/80ದCELLS )	 %STIMATES ˟BETA	 WERE
OBTAINED BY LINEAR MIXED MODELS  CONlDENCE INTERVALS AND OVERALL PVALUES OVER TIME PTIME	 ARE INDICATED !S AN INDICATION OF MAGNITUDE OF CHANGE THE
ACTUAL PERCENTAGE OF #4,! OF#$&/80ದCELLS IN PLACEBO AND ALBENDAZOLE GROUPS IS SHOWN AT  MONTHS *	
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Submission PDF
DFSOJOH UIF FGGFDUT PG BOUIFMNJOUJD USFBUNFOU PO DFMMVMBS JNNVOF
SFTQPOTFT
2ESULTS
"MCFOEB[PMF USFBUNFOU SFEVDFT CVU EPFT OPU FMJNJOBUF IFMNJOUI
JOGFDUJPOT
$IBSBDUFSJTUJDT PG UIF TUVEZ QBSUJDJQBOUT 	O
 BSF TIPXO
JO UBCMF  "U CBTFMJOF POF PSNPSF IFMNJOUI TQFDJFT XFSF GPVOE JO
 PG JOEJWJEVBMT IPPLXPSN CFJOH UIF NPTU QSFWBMFOU 	
PG UPUBM
 5IF USJBM DPOTPSU EJBHSBN XJUI GPMMPXVQ EBUB DBO CF
GPVOE JO UIF TVQQMFNFOUBSZ JOGPSNBUJPO 	GJH 4
 "MCFOEB[PMF
USFBUNFOU SFEVDFE UIF QSFWBMFODF PG HFPIFMNJOUIT BGUFS  	
WT  GPS QMBDFCP
 BOE NPOUIT 	 WT  GPS QMBDFCP

	UBCMF 4
 *O UIF XIPMF *..6/041*/ USJBM UIF QSFWBMFODF
PG HFPIFMNJOUI JOGFDUJPO XBT  BOE BMCFOEB[PMF USFBUNFOU
SFEVDFE QSFWBMFODF PG HFPIFMNJOUIT BGUFS  	 WT  GPS
QMBDFCP
 BOE NPOUIT 	 WT  GPS QMBDFCP
 "T GPS UIF
XIPMF *..6/041*/ USJBM UIF HSFBUFTU FGGFDU XBT PO IPPLXPSN
GPMMPXFE CZ "TDBSJT XIJMF UIF FGGFDU PO 5SJDIVSJT JOGFDUJPOT XBT
MFTT QSPOPVODFE "MCFOEB[PMF BMTP SFEVDFE JOUFOTJUJFT PG IPPL
XPSN BOE "TDBSJT JOGFDUJPOT BT BTTFTTFE CZ 1$3 	GJH 4

)FMNJOUITQFDJGJD BOE OPOTQFDJGJD XIPMF CMPPE DZUPLJOF SF
TQPOTFT BSF JODSFBTFE BGUFS BMCFOEB[PMF USFBUNFOU
'JHVSF  TIPXT UIF FGGFDU PG USFBUNFOU PO DZUPLJOF SFTQPOTFT
BU  NPOUIT 	"
 BOE  NPOUIT 	#

3FHBSEJOH IFMNJOUITQFDJGJD DZUPLJOFT "TDBSJT BOUJHFO
	"TD"H
JOEVDFE JOUFSMFVLJO 	*-
 QSPEVDUJPO XBT
TJHOJGJDBOUMZ FOIBODFE CZ USFBUNFOU PWFS UIF TUVEZ QFSJPE
	QUJNF
 XJUI B TJHOJGJDBOU JODSFBTF JO UIF USFBUFE HSPVQ BU
 NPOUIT 	FTUJNBUF > $*>  >ದ> GJH "

*O SFTQPOTF UP QMBTNPEJBM BOUJHFOT 	1MBTNPEJVN GBMDJQBSVN
JOGFDUFE SFE CMPPE DFMMT 1G3#$
 UIFSF XBT BO JODSFBTF PWFS
UJNF JO QSPJOGMBNNBUPSZ DZUPLJOFT UVNPS OFDSPTJT GBDUPS 	5/'
QUJNF
 BOE JOUFSGFSPOHBNNB 	*'/ˠ QUJNF
 BGUFS
BMCFOEB[PMF USFBUNFOU "T TIPXO JO GJH " CPUI 5/' BOE *'/
ˠ XFSF TJHOJGJDBOUMZ IJHIFS JO UIF BMCFOEB[PMF DPNQBSFE UP UIF
QMBDFCP HSPVQ BU UIF NPOUI UJNF QPJOU 	 >> GPS
5/' BOE  >> GPS *'/ˠ
 5P HFU BO JOEJDBUJPO PG UIF
BCTPMVUF DIBOHFT JO DZUPLJOF MFWFMT 5/' QSPEVDUJPO UP 1G3#$
JO UIF UXP HSPVQT BU UIF NPOUI UJNF QPJOU JT TIPXO JO GJH $
5IF EJGGFSFODFT JO PUIFS TUBUJTUJDBMMZ TJHOJGJDBOU DZUPLJOF DIBOHFT
BSF TIPXO JO GJH 4 /POF PG UIF TJHOJGJDBOU DIBOHFT JO BOUJHFO
TQFDJGJD SFTQPOTFT XFSF DPSSFMBUFE XJUI XPSN CVSEFO CFGPSF
USFBUNFOU 	UBCMF 4

3FHBSEJOH UIF HFOFSBM BEBQUJWF SFTQPOTF 	DZUPLJOF SFTQPOTFT
UP QIZUPIFNBHHMVUJOJO 1)"
 BMCFOEB[PMF USFBUNFOU TJHOJGJ
DBOUMZ JODSFBTFE 5/' BOE *- TFDSFUJPO 	QUJNF BOE
QUJNF SFTQFDUJWFMZ
 PWFS UIF USJBM QFSJPE GPS 5/' BMCFO
EB[PMF USFBUNFOU SFTVMUFE JO FMFWBUFE SFTQPOTFT BU  NPOUIT
XIFSFBT GPS *- UIF SFTQPOTF XBT TJHOJGJDBOUMZ IJHIFS BGUFS 
NPOUIT 	GPS 5/' BU  NPOUIT  >ದ> GJH " GPS *-
 BU  NPOUIT  >ದ> GJH #
 5IF *'/ˠ BOE *-
SFTQPOTFT UP 1)" XFSF USBOTJFOUMZ JODSFBTFE BU  NPOUIT QPTU
USFBUNFOU BOE 1)"JOEVDFE *- XBT IJHIFS BU UIF NPOUI
UJNF QPJOU CVU UIJT EJE OPU SFBDI TUBUJTUJDBM TJHOJGJDBODF PWFS UIF
XIPMF USJBM UJNF QFSJPE 	*'/ˠ QUJNF *- QUJNF *-
QUJNF GJH 

"MCFOEB[PMF EJE OPU BGGFDU SFTQPOTFT UP MJQPQPMZTBDDIB
SJEF 	UBCMF 4
 $ZUPLJOFT JO VOTUJNVMBUFE CMPPE SFWFBMFE OP
USFBUNFOUSFMBUFE EJGGFSFODFT 	UBCMF 4
 *'/ˠ SFTQPOTFT UP VO
JOGFDUFE 3#$ 	V3#$
 XFSF OPU TJHOJGJDBOUMZ EJGGFSFOU CFUXFFO
USFBUNFOU BSNT 	QUJNF
 IPXFWFS 5/' QSPEVDUJPO XBT JO
DSFBTFE QPTUUSFBUNFOU 	QUJNF
 5IJT XBT POMZ TJHOJGJDBOU BU
 NPOUIT 	NPOUI FTUJNBUF  >> BU  NPOUIT 
>> BMUIPVHI UP B NVDI MFTTFS FYUFOU UIBO UIF SFTQPOTF
UP 1G3#$
5IF FOIBODFNFOU PG DZUPLJOF SFTQPOTFT JT OPU B EJSFDU BMCFOEB
[PMF FGGFDU
5P SVMF PVU BMCFOEB[PMF BT B EJSFDU DBVTF PG FOIBODFE
JNNVOF SFTQPOTFT XF TUSBUJGJFE UIF BOBMZTJT PO 45) JOGFD
UJPO TUBUVT BU CBTFMJOF 	UBCMF 
 &OIBODFE 1G3#$JOEVDFE
5/' BOE "TD"HJOEVDFE *- CZ BMCFOEB[PMF USFBUNFOU XBT
TFFO JO IFMNJOUIJOGFDUFE 	QUJNF BOE QUJNF SFTQFD
UJWFMZ UBCMF "
 CVU OPU JO VOJOGFDUFE TVCKFDUT 	UBCMF #
 BU
 NPOUIT QPTUUSFBUNFOU 5IF FGGFDU PG BOUIFMNJOUJD USFBUNFOU
PO 1)"TUJNVMBUFE 5/' JO UIF TUSBUJGJFE BOBMZTJT XBT TFFO BU
 NPOUIT QPTUUSFBUNFOU JO UIF IFMNJOUIJOGFDUFE JOEJWJEVBMT
CVU PWFS UIF USJBM QFSJPE UIJT XBT OPU TUBUJTUJDBMMZ TJHOJGJDBOU
	QUJNF UBCMF "
 $PSSFTQPOEJOH CBDLHSPVOE 	VOTUJNV
MBUFE BOE V3#$JOEVDFE
 DZUPLJOF SFTQPOTFT XFSF OPU JODSFBTFE
JO FJUIFS IFMNJOUIJOGFDUFE PS VOJOGFDUFE TVCKFDUT 	UBCMF 4

$IBOHFT JO DFMM DPVOUT BGUFS BMCFOEB[PMF USFBUNFOU EP OPU FY
QMBJO DIBOHFT JO DZUPLJOF SFTQPOTFT
5P EFUFSNJOF XIFUIFS JODSFBTFE DFMMVMBS SFTQPOTFT DPVME
CF FYQMBJOFE CZ IJHIFS DFMM OVNCFST XF BOBMZTFE DPNQMFUF
CMPPE DPVOUT BOE TPVHIU BTTPDJBUJPOT XJUI DZUPLJOF SFTQPOTFT
5PUBM MFVLPDZUFT ದNPTU NBSLFEMZ NPOPDZUFTದ XFSF JODSFBTFE JO
UIF BMCFOEB[PMF HSPVQ DPNQBSFE UP QMBDFCP BU  NPOUIT QPTU
USFBUNFOU CVU OPU TVCTFRVFOUMZ 	UBCMF 4
 -FVLPDZUF DPVOUT
XFSF QPTJUJWFMZ BTTPDJBUFE XJUI *- UP "TD"H IPXFWFS UIF SFTU
XFSF NBJOMZ OFHBUJWF BTTPDJBUJPOT PG XIJDI UIF POF XJUI 5/'
SFTQPOTFT UP 1G3#$ XBT TJHOJGJDBOU /P BTTPDJBUJPO XBT GPVOE
CFUXFFO NPOPDZUF OVNCFST BOE DZUPLJOF SFTQPOTFT UP BOZ PG
UIF TUJNVMJ 	UBCMF 4
 5IJT JOEJDBUFT UIBU JODSFBTFE MFVLPDZUF
OVNCFST EJE OPU BDDPVOU GPS UIF HFOFSBM FOIBODFNFOU PG DZUPLJOF
SFTQPOTFT .PSFPWFS XIFO BOBMZTJT PG UIF USFBUNFOU FGGFDU PO DZ
UPLJOF SFTQPOTFT XBT BEKVTUFE GPS MFVLPDZUF PS NPOPDZUF DPVOUT
TJNJMBS FGGFDU TJ[FT XFSF PCTFSWFE /P USFBUNFOU FGGFDU XBT OPUFE
PO PUIFS IFNBUPMPHJDBM QBSBNFUFST 	UBCMF 4

"MCFOEB[PMF EPFT OPU BGGFDU 5SFH GSFRVFODJFT IPXFWFS EPFT FY
QBOE $5-"FYQSFTTJOH $% 5 DFMMT
5P JEFOUJGZ QPUFOUJBM NFDIBOJTNT PG JNNVOF IZQPSFTQPO
TJWFOFTT BOE UIFJS SFWFSTBM CZ BOUIFMNJOUJDT XF FYBNJOFE 5SFH
	EFGJOFE BT $%$%IJ'091 5DFMMT
 BT XFMM BT $% DFMMT
FYQSFTTJOH UIF TVQQSFTTJWF NPMFDVMFT 1% BOE $5-" JO $%
5DFMMT 	GJH 
 5IF GSFRVFODZ PG 5SFHT EJE OPU DIBOHF JO UIF
BMCFOEB[PMF HSPVQ DPNQBSFE UP QMBDFCP 	FTUJNBUFT > $*> BU
 NPOUIT  > ದ > BU  NPOUIT  > ದ
> QUJNF GJH # '
 4JNJMBSMZ USFBUNFOU EJE OPU BMUFS
UIF FYQSFTTJPO PG 1% FYQSFTTJOH $% 5DFMMT PWFS UIF XIPMF
USJBM QFSJPE BMUIPVHI BU  NPOUIT UIFSF XBT B TJHOJGJDBOU EFDSFBTF
	 > ದ > BOE  > ದ > QUJNF
GJH $  (
 )PXFWFS UIF QSPQPSUJPO PG $5-"FYQSFTTJOH
$% 5DFMMT EFDSFBTFE BGUFS USFBUNFOU BOE XBT TJHOJGJDBOUMZ
MPXFS JO UIF BMCFOEB[PMF HSPVQ BU CPUI UJNF QPJOUT QPTUUSFBUNFOU
	 > ದ > BOE  > ದ > SFTQFDUJWFMZ
QUJNF GJH %  )
 4JNJMBS UP UPUBM $% 5 DFMMT
UIF GSFRVFODZ PG $5-"FYQSFTTJOH $%'091ದ FGGFDUPS 5
DFMMT EFDSFBTFE TJHOJGJDBOUMZ BGUFS USFBUNFOU XJUI BMCFOEB[PMF 	
 > ದ > BOE  > ದ > SFTQFDUJWFMZ
QUJNF 	GJH &  *
 5IF BCTPMVUF DIBOHF JO $5-"
FYQSFTTJPO PO FGGFDUPS 5 DFMMT JT TIPXO JO GJH +
$ISCUSSION
5IJT JT UIF GJSTU SFQPSU PG DZUPLJOF SFTQPOTFT BT XFMM BT SFHVMBUPSZ
DFMMT BOE NPMFDVMFT BOBMZTFE JO B DPNNVOJUZ CFGPSF BOE BGUFS
SFQFBUFE MPOHUFSN QMBDFCPDPOUSPMMFE BOUIFMNJOUJD USFBUNFOU
8F TIPX UIBU USFBUNFOU PG 45) JOGFDUJPOT BCMBUFT UIFJS JNNVOP
TVQQSFTTJWF FGGFDUT FOIBODJOH JNNVOF SFTQPOTFT UP IFMNJOUI BOE
VOSFMBUFE BOUJHFOT BT XFMM BT UP NJUPHFO .PTU QSPOPVODFE XFSF
FMFWBUFE QSPJOGMBNNBUPSZ DZUPLJOF SFTQPOTFT BGUFS TUJNVMBUJPO
XJUI QMBTNPEJBM BOUJHFOT BOE NJUPHFO *O BEEJUJPO XF PCTFSWFE
B SFEVDUJPO JO $5-"FYQSFTTJOH $% 5DFMMT JO BMCFOEB[PMF
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Submission PDF
USFBUFE DIJMESFO JOEJDBUJOH UIBU JNNVOPJOIJCJUPSZ NFDIBOJTNT
DPVME CF BGGFDUFE CZ EFXPSNJOH
5IF TUSPOHFTU FGGFDU PG BOUIFMNJOUJD USFBUNFOU XBT PO BOUJ
QMBTNPEJBM SFTQPOTFT 5IFTF IBE OPU CFFO TQFDJGJDBMMZ JOWFT
UJHBUFE JO BOUIFMNJOUJD USFBUNFOU 3$5T )PXFWFS JO DSPTT
TFDUJPOBM TUVEJFT FYBNJOJOH UIF FGGFDU PG IFMNJOUIT PO NBMBSJB
TQFDJGJD DZUPLJOF SFTQPOTFT SFTVMUT BSF JODPOTJTUFOU 	
 5IF
JODSFBTF JO SFTQPOTF UPNBMBSJB BOUJHFOT DPVME CF EVF UP B DPODVS
SFOU JODSFBTF JO NBMBSJBM QBSBTJUFNJB JO UIF BMCFOEB[PMFUSFBUFE
HSPVQ  NPOUIT BGUFS JOJUJBUJPO PG USFBUNFOU 	
 DPJODJEFOU XJUI
QFBL USBOTNJTTJPO TFBTPO #Z QFSGPSNJOH UIF BOBMZTJT XJUIPVU
NBMBSJBQPTJUJWF TVCKFDUT XF SVMFE PVU UIBU UIJT DPVME FYQMBJO UIF
FOIBODFE QMBTNPEJBMTQFDJGJD DZUPLJOF SFTQPOTFT
8JUI SFHBSE UP JNNVOF SFHVMBUJPO OP USFBUNFOUSFMBUFE
DIBOHF JO 5SFH GSFRVFODJFT XBT TFFO DPOTJTUFOU XJUI UIF GJOE
JOH PG TJNJMBS 5SFH GSFRVFODJFT JO 45)JOGFDUFE BOE VOJOGFDUFE
DIJMESFO SFQPSUFE GSPN UIF TBNF TUVEZ BSFB 	
 5IF QSPQPSUJPO
PG 1%FYQSFTTJOH $% 5DFMMT XBT OPU TJHOJGJDBOUMZ BMUFSFE CZ
BMCFOEB[PMF USFBUNFOU PWFS UXP ZFBST BMUIPVHI JO UIF GJSTU ZFBS
QPTUUSFBUNFOU UIJT XBT TJHOJGJDBOUMZ MPXFS 5IJT JT DPOTJTUFOU XJUI
TUVEJFT UIBU TIPX JODSFBTFE 1% FYQSFTTJPO JT BTTPDJBUFE XJUI
IFMNJOUI JOGFDUJPOT 	
 5IF TJHOJGJDBOU EFDSFBTF JO $5-"
ದFYQSFTTJOH $% 5DFMMT BEET TVQQPSU UP UIF JNQPSUBOU SPMF
PG UIJT NPMFDVMF JO TVQQSFTTJPO PG JNNVOF SFTQPOTFT JO HFOFSBM
BOE JUT TVHHFTUFE SPMF JO JNNVOF IZQPSFTQPOTJWFOFTT JOEVDFE CZ
IFMNJOUIT 	
8IFO QVU JO UIF DPOUFYU PG UIF CMPDLBEF PG $5-"
 	BT XFMM BT 1%
 JO USFBUNFOU PG NFMBOPNB BOE PUIFS DBODFST
	
 UIFTF GJOEJOHT MFOE GVSUIFS TVQQPSU UP UIF TVHHFTUFE TJNJ
MBSJUJFT CFUXFFO JNNVOPSFHVMBUJPO JO DISPOJD JOGFDUJPVT EJTFBTFT
BOE DBODFST 	

5ISFFNPOUIMZ BMCFOEB[PMF USFBUNFOU PWFS B UXPZFBS QFSJPE
EJE OPU FMJNJOBUF IFMNJOUIT *O FBSMJFS SFQPSUT UIF FGGJDBDZ PG POF
UJNF TJOHMF PS EPVCMF EPTFT PG BMCFOEB[PMF BOEPS NFCFOEB[PMF
USFBUNFOU IBT CFFO MPX GPS "TDBSJT BOE 5SJDIVSJT 	
 )FSF XF
TIPX UIBU UIJT JT UIF DBTF FWFO BGUFS  EPTFT PG BMCFOEB[PMF
BU UISFFNPOUIMZ JOUFSWBMT #Z VTJOH B IPVTFIPMEDMVTUFSFE SBO
EPNJ[BUJPO EFTJHO SFQFBUFE USFBUNFOUT BOE PCTFSWFE JOUBLF XF
FYQFDUFE B NPSF FGGFDUJWF SFEVDUJPO JO QSFWBMFODF PG 45) 'PS
CFUUFS EFXPSNJOH SFTVMUT NPSF JOUFOTJWF USFBUNFOU PS JODMVTJPO
PG FOWJSPONFOUBM DPOUSPM XPVME CF OFFEFE )PXFWFS JU JT DMFBS
UIBU FWFO B  SFEVDUJPO JO IFMNJOUI JOGFDUJPOT JO UIF DPN
NVOJUZ DBO TUBSU UP SFWFSTF JNNVOF IZQPSFTQPOTJWFOFTT BOE UIBU
NPSF FGGFDUJWF EFXPSNJOH NJHIU HJWF FWFO NPSF QSPOPVODFE
JNNVOPMPHJDBM FGGFDUT
4VCTFRVFOU UP UIF JODSFBTFE QSPJOGMBNNBUPSZ SFTQPOTFT BG
UFS  NPOUIT *- BOE *- SFTQPOTFT JODSFBTFE  NPOUIT
QPTUUSFBUNFOU 4USBUJGJFE BOBMZTFT SFWFBMFE UIBU UIF JODSFBTFE
NJUPHFOTUJNVMBUFE *- BOE *- XBT OPU TQFDJGJD UP IFMNJOUI
JOGFDUFE TVCKFDUT TVHHFTUJOH UIBU GBDUPST PUIFS UIBO UIF FMJNJ
OBUJPO PG IFMNJOUIT NBZ CF SFTQPOTJCMF 5IJT JODSFBTFE *-
SFTQPOTF BGUFS UXP ZFBST PG USFBUNFOU NJHIU BDDPVOU GPS UIF GBDU
UIBU JNNVOF SFTQPOTFT BSF OPU IJHIFS JO UIF BMCFOEB[PMF WFSTVT
QMBDFCP BU UIJT UJNF QPJOU
&OIBODFE DZUPLJOF SFTQPOTFT DPVME BMTP CF UIF SFTVMU PG B
CPPTUFE JNNVOF SFTQPOTF EVF UP UIF SFMFBTF PG BOUJHFOT GSPN
EZJOH PS EFBE XPSNT )PXFWFS UIF TUSPOHFTU JODSFBTFT JO SF
TQPOTFT XFSF OPU UP XPSN BOUJHFO CVU UP UIF VOSFMBUFE NBMBS
JBM BOUJHFO .PSFPWFS VTJOH QSFUSFBUNFOU XPSN CVSEFO BT B
QSPYZ GPS BOUJHFO SFMFBTF UIF NPEFTU JODSFBTF TFFO UP "TDBSJT
BOUJHFO XBT OPU DPSSFMBUFE XJUI CVSEFO PG " MVNCSJDPJEFT BU QSF
USFBUNFOU OPS XFSF SFTQPOTFT UP OPOSFMBUFE BOUJHFOT DPSSFMBUFE
XJUI CBTFMJOF XPSN CVSEFO 5IFTF BSHVFT UIBU PCTFSWFE CPPTUFE
JNNVOF SFTQPOTFT XPVME OPU CF EVF UP SFMFBTF PG BOUJHFOT GSPN
EZJOH XPSNT XIJDI IBT CFFO TIPXO UP BDDPVOU GPS QBSU PG UIF
JODSFBTF JO JNNVOF SFTQPOTFT BGUFS USFBUNFOU JO TDIJTUPTPNJBTJT
	
 CVU SBUIFS EVF UP UIF EFDSFBTF JO JNNVOF SFHVMBUJPO
" OVNCFS PG GBDUPST PUIFS UIBO SFEVDUJPO JO IFMNJOUIT DPVME
DPOUSJCVUF UP UIF GJOEJOHT PG UIJT TUVEZ TVDI BT B EJSFDU FGGFDU PG
BMCFOEB[PMF BMUFSBUJPOT JO JNNVOF DFMM DPVOUT PS DIBOHFT JO OV
USJFOUT "MCFOEB[PMF IBT CFFO TIPXO UP BGGFDU DZUPLJOF SFTQPOTFT
JO WJUSP 	
 5IF IJHIFS FGGFDU TJ[FT JO UIF TUSBUJGJFE BOBMZTJT PG
IFMNJOUIQPTJUJWFT UIBO UIPTF JO UIF UPUBM HSPVQ JOEJDBUF UIBU UIF
FOIBODFNFOU PG QSPJOGMBNNBUPSZ DZUPLJOF SFTQPOTFT JT VOMJLFMZ
UP CF EVF UP BMCFOEB[PMF EJSFDUMZ BGGFDUJOH UIF JNNVOF TZTUFN
*NNVOF IZQPSFTQPOTJWFOFTT DPVME TUFN GSPN BMUFSBUJPO JO DFMM
DPVOUT BOE DIBOHFT JO OVUSJFOUT FTTFOUJBM UP GVODUJPOJOH PG UIF
JNNVOF TZTUFN 	
 "MUIPVHI DFMM DPVOUT XFSF BGGFDUFE CZ USFBU
NFOU DFMM OVNCFST EJE OPU BDDPVOU GPS DZUPLJOF SFTQPOTFT 4JODF
JNQSPWFE FOFSHZ SFTPVSDFT DBO FOIBODF JNNVOF SFTQPOTFT XF
BTTFTTFE #.* BOE GBTUJOH HMVDPTF MFWFM BT QSPYJFT GPS OVUSJUJPOBM
TUBUVT CVU UIFTF QBSBNFUFST XFSF OPU BGGFDUFE CZ EFXPSNJOH 	

0VS TUVEZ TIPXT TJHOJGJDBOU FGGFDUT PG EFXPSNJOH PO UIF
JNNVOF TZTUFN 5IF FGGFDUT DPVME MFBE UP FOIBODFE JNNVOF
SFTQPOTFT UP PUIFS QBUIPHFOT BOE WBDDJOFT 8JUI SFTQFDU UP WBD
DJOFT UIFSF JT JODSFBTJOH DPODFSO SFHBSEJOH QPPS JNNVOPHFOJDJUZ
JO SVSBM BSFBT PG EFWFMPQJOH DPVOUSJFT 	 
 UIFSFGPSF BOZ
NFBTVSF UP BMMFWJBUF IZQPSFTQPOTJWFOFTT XPVME IBWFNBKPS QVCMJD
IFBMUI JNQBDU *U JT BMTP JNQPSUBOU UP DPOTJEFS UIF MPOHTUBOEJOH
FWPMVUJPOBSZ DPFYJTUFODF CFUXFFO IVNBOT BOE IFMNJOUIT UIF
EJTUVSCBODF PG XIJDI NJHIU MFBE UP UIF FNFSHFODF PG QBUIPMPHJDBM
DPOEJUJPOT 	
 )PXFWFS GPS UIJT MPOH SBUIFS UIBO TIPSUUFSN
USFBUNFOU DPVSTFT BSF FYQFDUFE UP SFWFBM BOZ DMJOJDBM JNQBDU 	

$POTJEFSJOH UIJT JU XJMM CF JNQPSUBOU UP JODMVEF JNNVOPMPHJDBM
NFBTVSFNFOUT JO GVUVSF EFXPSNJOH QSPHSBNT BOE BOUIFMNJOUJD
UIFSBQZ USJBMT UP CFUUFS VOEFSTUBOE BOE QSFEJDU DMJOJDBM PVUDPNFT
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3TUDY DESIGN
4HE STUDY WAS NESTED WITHIN THE )MMUNO30). TRIAL A DOUBLEBLIND
PLACEBOCONTROLLED TRIAL CONDUCTED IN TWO VILLAGES ON &LORES ISLAND )NDONESIA
	 !LL HOUSEHOLDS WERE RANDOMIZED TO RECEIVE EITHER A SINGLE DOSE OF
 MG ALBENDAZOLE OR PLACEBO ONCE EVERY THREE MONTHS FOR TWO YEARS
4REATMENT WAS ALLOCATED TO HOUSEHOLDS TO MINIMISE THE RISK OF REINFECTION
AND WAS PROVIDED TO ALL HOUSEHOLD MEMBERS OLDER THAN TWO YEARS EXCEPT FOR
PREGNANT WOMEN ACCORDING TO )NDONESIAN GUIDELINES )NTAKE WAS OBSERVED
BY lELD WORKERS 0ARTICIPANTS GAVE WRITTEN INFORMED OR PARENTAL CONSENT
4HE STUDY WAS APPROVED BY THE %THICS #OMMITTEE OF THE -EDICAL &ACULTY
5NIVERSITY OF )NDONESIA *AKARTA AND WAS lLED BY THE %THICS #OMMITTEE OF THE
,EIDEN 5NIVERSITY -EDICAL #ENTER THE .ETHERLANDS 4HE TRIAL WAS REGISTERED
AS )32#4.
3TUDY POPULATION
2ANDOMIZATION WAS BASED ON  HOUSEHOLDS IN TOTAL COMPRISING 
 HOUSES	 AND   HOUSES	 SUBJECTS IN PLACEBO AND ALBENDAZOLE
GROUPS RESPECTIVELY &OR IMMUNOLOGICAL STUDIES  HOUSEHOLDS IN THE MAIN
VILLAGE WERE RANDOMLY SELECTED AND INDIVIDUALS OLDER THAN  YEARS OF AGE
WERE INVITED FOR VENOUS BLOOD SAMPLING AND ASSESSMENT OF ANTHROPOMETRIC
PARAMETERS 4HEREBY  INDIVIDUALS WERE INCLUDED OF WHICH  PROVIDED
SUFlCIENT BLOOD FOR WHOLEBLOOD CULTURES )N THE OTHER VILLAGE  CHILDREN
WERE RANDOMLY SELECTED FROM THE TOTAL POPULATION AND CHILDREN FROM THE
SAME HOUSEHOLDS WERE ALSO INCLUDED GIVING  CHILDREN IN TOTAL WITH WHOLE
BLOOD CULTURES !FTER CLEANING THE DATA SEE BELOW	 AT BASELINE  AND 
SUBJECTS WERE INCLUDED FROM THE TWO AREAS COMPRISING  PLACEBO AND 
ALBENDAZOLETREATED INDIVIDUALS
3INCE 34( INFECTION AND ASSOCIATED IMMUNOLOGICAL CHANGES WERE AN
TICIPATED TO BE MOST PREVALENT IN SCHOOLAGE CHILDREN DETAILED ANALYSES
OF REGULATORY COMPONENTS WERE ONLY PERFORMED IN THIS AGE GROUP 
YEARS OLD	 &ROM A RANDOMIZED SELECTION SEPARATE FROM THE ABOVEMENTIONED
SUBSET  CHILDREN WERE INCLUDED  RANDOMIZED FOR PLACEBO  FOR
ALBENDAZOLE	 OF WHICH   AND  RESPECTIVELY	 HAD SUFlCIENT NUMBERS
OF CELLS !FTER  AND  MONTHS  	 AND  	 WERE FOLLOWED UP
RESPECTIVELY
7HOLEBLOOD CULTURE AND CYTOKINE MEASUREMENTS
7HOLEBLOOD WAS STIMULATED IN VITRO AS DESCRIBED BEFORE 	 FOR H
LIPOPOLYSACCHARIDE ,03	 STIMULATION	 AND H !SCARIS LUMBRICOIDES ANTIGEN
!SC!G	 0LASMODIUM FALCIPARUMPARASITIZED RED BLOOD CELLS 0F2"#	 UNIN
FECTED U	2"# AND PHYTOHEMAGGLUTININ 0(!	 STIMULATIONS	 0F2"# AND U2"#
WERE PREPARED ACCORDING TO A STANDARDIZED PROCEDURE 	 !SC!G WAS A
HOMOGENATE OF ADULT WORMS ! LUMBRICOIDES OBTAINED FROM INFECTED HU
MANS 3UPERNATANTS WERE STORED AT r# UNTIL QUANTIlCATION USING ,UMINEX
KITS "IOSOURCE #AMARILLO 53!	 ON A ,IQUICHIP p 7ORKSTATION 1IAGEN
6ENLO THE .ETHERLANDS	 4UMOR NECROSIS FACTOR 4.&	 AND INTERLEUKIN ),	
 WERE QUANTIlED IN ALL SUPERNATANTS WHILST INTERFERON )&.	ˠ ), AND ),
 WERE QUANTIlED ONLY IN H SUPERNATANTS 3AMPLES WITH 4.& LEVELS ุ
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PGM, IN UNSTIMULATED BLOOD WERE EXCLUDED FROM THE ANALYSES AS THEY
WERE CONSIDERED POSSIBLY CONTAMINATED 4HIS CUTOFF VALUE WAS DERIVED FROM
OUTLIERS IN THE DATA DISTRIBUTION #YTOKINE CONCENTRATIONS BELOW THE ASSAYಬS
DETECTABLE RANGE WERE REPLACED BY HALF THE DETECTION LIMIT PROVIDED BY THE
MANUFACTURER
3TOOL EXAMINATION BY MICROSCOPY AND 0#2
3TOOL SAMPLES WERE COLLECTED ANNUALLY 4RICHURIS TRICHIURA WAS DETECTED
BY MICROSCOPY AFTER FORMOLETHER CONCENTRATION WHILST MULTIPLEX REALTIME
0#2 DETECTED HOOKWORM !NCYLOSTOMA DUODENALE .ECATOR AMERICANUS	 !
LUMBRICOIDES AND 3TRONGYLOIDES STERCORALIS $.! AS DESCRIBED PREVIOUSLY 	
#OMPLETE BLOOD COUNTS
#OMPLETE BLOOD COUNTS #"#	 BEFORE AND ONE YEAR POSTTREATMENT WERE
DETERMINED USING HEPARINIZED BLOOD ON A CELL COUNTER #OULTERp !C4റ DIFF
!NALYSER "ECKMAN #OULTER )NC &ULLERTON 53!	 WHILE #"#  YEARS POST
TREATMENT WERE DETERMINED ON A 3YSMEX +8. HEMATOLOGY ANALYSER 04
3YSMEX )NDONESIA *AKARTA )NDONESIA	 3INCE BOTH HEPARINIZED AND %$4!
BLOOD SAMPLES WERE USED AT THE LAST TIME POINT  SAMPLES WERE TESTED
IN PARALLEL ANALYSIS !LL OUTCOMES WERE HIGHLY COMPARABLE EXCEPT FOR THROM
BOCYTE COUNTS THUS THE DATA OF ALL PARAMETERS BUT THROMBOCYTE COUNTS WERE
POOLED
&LOW CYTOMETRY
0ERIPHERAL BLOOD MONONUCLEAR CELLS 0"-#	 FROM  SCHOOLCHILDREN
WERE ISOLATED BY &ICOLL GRADIENT CENTRIFUGATION 0"-#WERE lXED WITH &/80
3TAINING "UFFER E"IOSCIENCE )NC 3AN $IEGO 53!	 AND CRYOPRESERVED UNTIL
FURTHER ANALYSIS !FTER THAWING CELLS WERE PERMEABILIZED AND STAINED WITH
ANTI#$ ANTI#$ ANTI&/80 ANTI#$ ANTI#4,! ANTI0$ AND ANTI
+I ANTIBODIES TABLE 3	 $ATA WERE ACQUIRED ON A &!#3#ANTO "$ "IO
SCIENCES	 AND ANALYSED USING &LOW*O SOFTWARE 4REESTAR )NC !SHLAND 53!	
3TATISTICAL ANALYSIS
,OG TRANSFORMATIONWAS USED FOR CYTOKINES LOGCONCENTRATION		 AND
MOST mOW CYTOMETRY LOGVALUE		 DATA TO OBTAIN NORMALLY DISTRIBUTED VARI
ABLES &OR CHILDRENಬS "-) AGESTANDARDIZED ZSCORES WERE CALCULATED ACCORDING
TO 7(/ REFERENCES 	 4O ASSESS TREATMENT EFFECTS LINEAR MIXED MODELS
WERE USED THESE ARE DESCRIBED IN MORE DETAIL IN THE SUPPLEMENT 0ARAMETER
ESTIMATES AND  CONlDENCE INTERVALS FOR TREATMENT EFFECTS AT  AND 
MONTHS ARE REPORTED 4HE ANALYSIS WAS INTENTIONTOTREAT AND INVOLVED ALL
PARTICIPANTS AS ASSIGNED RANDOMLY AT THE START OF THE TRIAL
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 )PUF[ 1+ FU BM 	
 )FMNJOUI JOGFDUJPOT UIF HSFBU OFHMFDUFE USPQJDBM EJTFBTFT 5IF +PVSOBM
PG DMJOJDBM JOWFTUJHBUJPO 	

 5BZMPS3PCJOTPO %$ .BBZBO / 4PBSFT8FJTFS , %POFHBO 4  (BSOFS 1 	
 %FXPSN
JOH ESVHT GPS TPJMUSBOTNJUUFE JOUFTUJOBM XPSNT JO DIJMESFO FGGFDUT PO OVUSJUJPOBM JOEJDBUPST
IBFNPHMPCJO BOE TDIPPM QFSGPSNBODF $PDISBOF %BUBCBTF 4ZTU 3FW $%
 .D4PSMFZ)+.BJ[FMT3.	
)FMNJOUI JOGFDUJPOT BOE IPTU JNNVOF SFHVMBUJPO$MJOJDBM
NJDSPCJPMPHZ SFWJFXT 	

 $PPQFS 1+ FU BM 	
 "MCFOEB[PMF USFBUNFOU PG DIJMESFO XJUI BTDBSJBTJT FOIBODFT UIF
WJCSJPDJEBM BOUJCPEZ SFTQPOTF UP UIF MJWF BUUFOVBUFE PSBM DIPMFSB WBDDJOF $7% )H3 5IF
+PVSOBM PG JOGFDUJPVT EJTFBTFT 	

 &MJBT % FU BM 	
 &GGFDU PG EFXPSNJOH PO IVNBO 5 DFMM SFTQPOTFT UP NZDPCBDUFSJBM
BOUJHFOT JO IFMNJOUIFYQPTFE JOEJWJEVBMT CFGPSF BOE BGUFS CBDJMMF $BMNFUUF(VFSJO 	#$(

WBDDJOBUJPO $MJOJDBM BOE FYQFSJNFOUBM JNNVOPMPHZ 	

 &TFO . FU BM 	
 3FEVDFE BOUJCPEZ SFTQPOTFT BHBJOTU 1MBTNPEJVN GBMDJQBSVN WBDDJOF
DBOEJEBUF BOUJHFOT JO UIF QSFTFODF PG 5SJDIVSJT USJDIJVSB 7BDDJOF
 3PPL (" 	
 3FWJFX TFSJFT PO IFMNJOUIT JNNVOF NPEVMBUJPO BOE UIF IZHJFOF IZQPUIF
TJT UIF CSPBEFS JNQMJDBUJPOT PG UIF IZHJFOF IZQPUIFTJT *NNVOPMPHZ 	

 8BNNFT -+ .QBJSXF ) &MMJPUU ".  :B[EBOCBLITI . 	
 )FMNJOUI UIFSBQZ PS FMJN
JOBUJPO FQJEFNJPMPHJDBM JNNVOPMPHJDBM BOE DMJOJDBM DPOTJEFSBUJPOT 5IF -BODFU *OGFDUJPVT
EJTFBTFT 	

 0UUFTFO &" )JBUU 3" $IFFWFS "8 4PUPNBZPS ;3  /FWB '" 	
 5IF BDRVJTJUJPO BOE
MPTT PG BOUJHFOTQFDJGJD DFMMVMBS JNNVOF SFTQPOTJWFOFTT JO BDVUF BOE DISPOJD TDIJTUPTPNJBTJT
JO NBO $MJOJDBM BOE FYQFSJNFOUBM JNNVOPMPHZ 	

 %BOJMPXJD[-VFCFSU & 0h3FHBO /- 4UFJOGFMEFS 4  )BSUNBOO 4 	
 .PEVMBUJPO
PG TQFDJGJD BOE BMMFSHZSFMBUFE JNNVOF SFTQPOTFT CZ IFMNJOUIT +PVSOBM PG CJPNFEJDJOF 
CJPUFDIOPMPHZ 
 3JDDJ /% FU BM 	
 *OEVDUJPO PG $%	
$%	
'091	
 SFHVMBUPSZ 5 DFMMT EVSJOH
IVNBO IPPLXPSN JOGFDUJPO NPEVMBUFT BOUJHFONFEJBUFE MZNQIPDZUF QSPMJGFSBUJPO 1-P4
OFHMFDUFE USPQJDBM EJTFBTFT 	
F
 8BNNFT -+ FU BM 	
 3FHVMBUPSZ 5 DFMMT JO IVNBO HFPIFMNJOUI JOGFDUJPO TVQQSFTT
JNNVOF SFTQPOTFT UP #$( BOE 1MBTNPEJVN GBMDJQBSVN &VSPQFBO KPVSOBM PG JNNVOPMPHZ
	

 #BCV 4 FU BM 	
 )VNBO UZQF  BOE  SFTQPOTFT JO MBUFOU UVCFSDVMPTJT BSF NPEVMBUFE
CZ DPJODJEFOU GJMBSJBM JOGFDUJPO UISPVHI DZUPUPYJD 5 MZNQIPDZUF BOUJHFO BOE QSPHSBNNFE
EFBUI 5IF +PVSOBM PG JOGFDUJPVT EJTFBTFT 	

 $PPQFS 1+ FU BM 	
 3FQFBUFE USFBUNFOUT XJUI BMCFOEB[PMF FOIBODF 5I SFTQPOTFT UP
"TDBSJT -VNCSJDPJEFT CVU OPU UP BFSPBMMFSHFOT JO DIJMESFO GSPN SVSBM DPNNVOJUJFT JO UIF
5SPQJDT 5IF +PVSOBM PG JOGFDUJPVT EJTFBTFT 	

 'MPIS $ FU BM 	
 3FEVDFE IFMNJOUI CVSEFO JODSFBTFT BMMFSHFO TLJO TFOTJUJ[BUJPO CVU OPU
DMJOJDBM BMMFSHZ B SBOEPNJ[FE EPVCMFCMJOE QMBDFCPDPOUSPMMFE USJBM JO 7JFUOBN $MJOJDBM
BOE FYQFSJNFOUBM BMMFSHZ  KPVSOBM PG UIF #SJUJTI 4PDJFUZ GPS "MMFSHZ BOE $MJOJDBM *NNVOPMPHZ
	

 8SJHIU 7+ FU BM 	
 &BSMZ FYQPTVSF PG JOGBOUT UP (* OFNBUPEFT JOEVDFT 5I EPNJOBOU
JNNVOF SFTQPOTFT XIJDI BSF VOBGGFDUFE CZ QFSJPEJD BOUIFMNJOUIJD USFBUNFOU 1-P4 OFHMFDUFE
USPQJDBM EJTFBTFT 	
F
 %JBMMP 50 FU BM 	
 4DIJTUPTPNJBTJT DPJOGFDUJPO JO DIJMESFO JOGMVFODFT BDRVJSFE JNNVOF
SFTQPOTF BHBJOTU 1MBTNPEJVN GBMDJQBSVN NBMBSJB BOUJHFOT 1MP4 POF 	
F
 )BSUHFST '$ FU BM 	
 3FTQPOTFT UP NBMBSJBM BOUJHFOT BSF BMUFSFE JO IFMNJOUIJOGFDUFE
DIJMESFO 5IF +PVSOBM PG JOGFDUJPVT EJTFBTFT 	

 .FUFOPV 4 FU BM 	
 'JMBSJBM JOGFDUJPO TVQQSFTTFT NBMBSJBTQFDJGJD NVMUJGVODUJPOBM 5I
BOE 5I SFTQPOTFT JO NBMBSJB BOE GJMBSJBM DPJOGFDUJPOT + *NNVOPM 	

 8JSJB "& FU BM 	
 5IF FGGFDU PG UISFFNPOUIMZ BMCFOEB[PMF USFBUNFOU PO NBMBSJBM QBSB
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